This article identifies concepts, trends, and policy gaps in the availability and service delivery of assistive technology utilized by older adults in disasters, as well as implications for emergency management planning and shelter administration. Definitions of types of assistive technology, as well as views of older adults using technology as at-risk individuals for emergency management service provision, are provided. An overview of peer-reviewed articles and gray literature is conducted, focusing on publications from 2001 to the present in the United States. Analytical frameworks used by emergency management organizations as well as regulations such as the Americans with Disabilities Act and recent court decisions on emergency shelter accessibility in disasters are reviewed. Research on the use of assistive technology by older adults during disasters is a neglected issue. The current and potential benefits of defining standards for provision and use of assistive technology for older adults during disasters has received limited recognition in emergency management planning. Older adults with disabilities utilize assistive technology to maintain their independence and dignity, and communities as well as emergency services managers need to become more aware of the needs and preferences of these older adults in their planning processes and drills as well as in service delivery during actual events. Rapid growth in the number of older adults in the United States, primarily due to the baby boomer population, is also seen in global population estimates of adults over age 60, the number of which is estimated to be 2.1 billion by 2050. 2 As people grow older and the probability of having disabilities and limitations in activities of daily living grows, use of assistive technology, that is, alternate and augmentative communication equipment, devices, strategies, tools, and supportive services that allow individuals to live in their homes with dignity and autonomy, may increase.
T he number of adults over age 65 in the United States is estimated to reach 84 million, or over 20% of the US population, by 2050. 1 Rapid growth in the number of older adults in the United States, primarily due to the baby boomer population, is also seen in global population estimates of adults over age 60, the number of which is estimated to be 2.1 billion by 2050. 2 As people grow older and the probability of having disabilities and limitations in activities of daily living grows, use of assistive technology, that is, alternate and augmentative communication equipment, devices, strategies, tools, and supportive services that allow individuals to live in their homes with dignity and autonomy, may increase. 3 Using a conservative estimate of 20% of the population age 60 and over being in need of assistive devices leads to a global estimate of at least 800 million items being used by older adults by 2050. 4 To meet the needs of this population, assistive devices and technology need to be available and accessible for this population, affordable and appropriate for their needs, and safe for their use. 4 This need becomes even more important when disasters occur, as these devices may be lost or damaged or unavailable owing to associated services needed for their operation such as electrical power and refrigeration. Evacuations also complicate the use of assistive technology.
The Federal Emergency Management Agency (FEMA) estimates that more than 50% of individuals visiting a disaster recovery center have a disability or an access or functional need that limits their ability to take actions. 5 Alternate staging areas and emergency shelters may not be equipped with a wide array of devices and supportive services that allow older adults with disabilities or access and functional needs to be supported during these events.
The aim of this article was to provide an overview of assistive, alternate, and augmentative communication technologies utilized by older adults living in the community as well as in residential care communities and the issues involved when these individuals are impacted by an emergency or a disaster. Definitions of terms, as well as a review of prevailing regulations and research on this topic are provided, as well as policy and research gaps concerning this population. Recommendations for future data collection and research, as well as consistent policies, conclude the article.
METHODS
A review of terminology pertaining to the older adult population, as well as definitions of various types of assistive technology, is provided. Given the large range of literature that could pertain to this topic, a search was conducted by using key words pertaining to the older adult population with disabilities and access or functional limitations (key words: "ageing," "aging," "elderly," "seniors," "disabilities," "function") combined with key words relating to assistive technology (key words: "assistive device," "assistive technology," "medical device"), and key words relating to emergency management (key words: "disasters," "emergencies," "emergency management"). Examples of how the older adult population uses assistive technology outside the United States were excluded owing to differences in emergency management policy and regulations. Gray literature was sourced through government emergency management and health care websites pertaining to emergency management, as well as individuals with disabilities and functional needs. Material was included if it addressed issues of older adults and assistive technology use in emergencies or disasters and met criteria such as a report or peer-reviewed proceedings from a conference, training programs published by federal government agencies or recognized consultants in the field of disabilities management, surveys of older adults and assistive technology use, presentations by government or consulting organizations that contract with governmental agencies, or reports on assistive technology and its use in emergencies or disasters.
RESULTS
The themes emerging from this review could be organized into 4 sections: (1) definitions of assistive technology categories and a framework for service provision for older adults who use assistive technology affected by a disaster, (2) issues affecting older adults using assistive technology in a disaster who are living in communities vs residential facilities, (3) issues that arise when disasters occur and affect older adults using assistive technology, and (4) issues affecting evacuations of older adults using assistive technology in a disaster.
Older Adults Using Assistive Technology: An Overview
In order to fully understand the needs of older adults using assistive technology in disasters, some definitions need to be provided to fully encompass the diversity of this population. For purposes of emergency management, older adults utilizing assistive technology should be treated as individuals with disabilities as defined under the Americans with Disabilities Act (ADA), that is, as individuals with a physical or mental impairment that substantially limits one or more of their life activities, a record of such an impairment, or being regarded as having an impairment 6 instead of characterizing their needs because of their chronological age. 7 This population may also have multiple chronic conditions and physical disabilities necessitating their use of assistive technology. 8 The 2008 Amendments to the ADA also expanded the definition of major life activities and included major bodily functions. The major life activities include caring for oneself, performing manual tasks, seeing, hearing, eating, sleeping, walking, standing, lifting, bending, speaking, breathing, learning, reading, concentrating, thinking, communicating, and working. Major bodily functions include, but are not limited to, functions of the immune system, normal cell growth, and digestive, bowel, bladder, neurological, brain, respiratory, circulatory, endocrine, and reproductive functions. 9 Assistive technology may be used to maintain any or all of these expanded life activity functions, and being able to use technology in a disaster becomes a critical component of accommodation of an older adult's needs.
Older adults using assistive technology may have functional limitations which, due to physical or mental impairment, require the individual to use special services or accommodations not typically made for other individuals. These limitations may include mobility limitations, sensory limitations, or intermittent chronic conditions that require them to use assistive devices such as a cane, walker, or wheelchair for ambulation, balance, or general mobility; vision or hearing aids; or a personal emergency response system that alerts a 24-hour call center in a health emergency. Still others may have aged in the community or in a residential care facility with developmental or intellectual disabilities requiring use of special devices and equipment.
In addition to functional limitations, older adults using assistive technology may have access needs in a disaster such as the ability to obtain medical care, remaining independent, supervision, or utilizing transportation services. Other individuals within this group may have communication deficits caused by aphasia (impairments in speech or language modalities) or apraxia (a motor speech disorder where the individual cannot express their wishes correctly) that occurs at birth or due to a chronic condition such as brain injury or stroke or dementia that limits their ability to communicate with others. Consequently, if they utilize assistive technology, an older adult can best be described as an individual with access and functional needs that impact their ability to respond to an emergency or disaster, as well as the resources that they would need in such an event.
The ADA also requires that individuals with disabilities have the right to be accommodated in the most integrated setting appropriate for their needs, otherwise known as the integration mandate. 10 To comply with this mandate, many communities have established emergency preparedness committees with multidisciplinary membership that can collaborate and address the needs of older individuals with access and functional needs. While specialized services and medical shelters may be created in some areas for individuals utilizing assistive technology, it is important to note that there should not be a mandate for individuals to use these services if they believe that they can be accommodated in community shelters. The recent experience in 2016 of South Carolina's disaster response for individuals with disabilities showed the importance of this option for older adults. 11 Assistive technology can include any item, piece of equipment, whether acquired or off the shelf, modified or customized, that is used to increase, maintain, or improve functional capacities of individuals with disabilities. 12 Augmentative and alternate communication includes all forms of communication other than oral speech that are used to express thoughts, needs, wants, and ideas. 13 Older adults with communication issues may rely on specialized equipment such as electronic speech-generating devices, picture and symbol communication boards, iPads with special communication applications, or specialized language such as American Sign Language to convey their ideas and wishes.
14 Assistive technology and augmentative and alternate communication helps older adults maintain their ability to communicate, functional capacity, and mobility and provides a safe and supportive environment. However, elders using these assists may become isolated, or may experience stigma as the result of needing specialized assistance. 15 Needed technology may also not be used or kept in working order by elders owing to the expense of the device or its replacement or repair cost. The complexity of the needs of this diverse group of elders presents many challenges in meeting their needs during emergency planning or the onset of an actual disaster.
Older Adults and Assistive Technology Use in a Disaster
When a disaster occurs, assistive technology may not function properly, or it may be lost or damaged. Loss of power can affect any assistive devices that need electricity, and backup batteries may not always be at hand. If medications are characterized as types of assistive supports, loss of medication access or pharmacy refills, or loss of refrigeration needed for some types of medications, may also not be present if a disaster has occurred. 16 Even more critical are notification systems for individuals with sensory limitations or communication issues, and notification systems that utilize captioned messages may not be available in all geographical areas.
FEMA takes a whole community approach to emergency management, which in the case of older adults with disabilities and functional needs means that these adults are included in mitigation efforts and their needs are served by the resources available in the entire community. 5 In the case of individuals with specialized needs, a 5-part methodology called the C-MIST framework was developed by June Kailes to identify the access and functional needs of individuals with disabilities before, during, and after a disaster. 17 FEMA uses this framework in its emergency management training pertaining to individuals with access and functional needs. C-MIST stands for communication; maintaining health; independence; safety, support, and selfdetermination; and lastly, transportation. In this approach, assistive technology and communication devices and supports are typically enough to maintain older adults' support and independence in the event of an emergency or disaster. However, if individuals lose the support of these devices or services, they may need additional assistance to maintain their safety and right to self-determination in the amount, kind, and duration of the assistance that they require. 17 If the event requires older adults utilizing assistive technology to evacuate, the provision of accessible transportation as well as communication about the availability of this transportation in alternate formats is essential to support the needs of this group of at-risk elders.
The needs of older adults using assistive technology who live in the community may also be difficult to identify. Traditional methods of identifying adults with access and functional needs have relied on their self-identification through a specialized registry for adults needing these services. However, disability advocates have recommended that emergency management services move away from the use of these lists because they can easily become outdated if individuals move, have changing needs, or die and may not appeal to individuals with access and functional limitations for fear of stigmatization as a result of their conditions. 18 Geographic information system mapping has also been identified as another key technology that can assist communities in locating frail elders with technology needs, 19 as well as community response grids rooted in an offline physical community supplemented with information and communication technology and exchanges. 20 Social media communities such as Facebook and LinkedIn have also helped to provide notifications of disasters to individuals with communication needs in accessible formats. Another neglected area of study is the use of service animals by older adults with disabilities as a form of supportive service that assists an individual in maintaining their dignity and autonomy in a disaster.
Individuals living in residential long-term care communities that utilize assistive technology may have a different set of needs in the event of a disaster. The Centers for Medicare and Medicaid Services (CMS) recommends that facilities participating in the federal Medicare program utilize a recommended Emergency Preparedness Tool for Healthcare Facilities (the Checklist) which provides detailed guidance on how to plan for disasters requiring shelter-in-place as well as evacuation needs. 21 The Checklist provides detailed guidance to administrators on how to prepare for the needs of older adults using assistive technologies using FEMA's all-hazards, community-based approach to emergency management. The Checklist also emphasizes the importance of having generators to supply power for needed equipment and refrigeration, modified equipment for residents if their devices are not available or functioning, trained caregivers who are available to provide services, and notification of concerned family members who are entitled to know the location of their loved ones. However, residential communities that do not participate in the federal Medicare program are not necessarily covered under the provisions of the CMS emergency preparedness Checklist. In these cases, it is typically up to states or industry associations for these residences to recommend inclusive emergency preparedness measures, including instructions on how to respond to various types of events.
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When evacuations occur, populations of older adults using assistive technology encounter new concerns. Identification of individuals needing assistance, as well as access to their residences can post a multitude of challenges. 22 These include ADA requirements for individuals with disabilities to be accommodated in the most integrated setting appropriate to their needs, 10 as well as the ADA Design Requirements for Accessible Egress. 23 In addition, Section 508 of the Rehabilitation Act of 1973 requires that any accommodations provided are fully accessible. These provisions mandate that older adults with disabilities have the right to be accommodated in mass shelters that meet ADA requirements for accessibility, including the provision of accessible entrances and exits, assistive technology, sleeping and toileting provisions that are appropriate, and supportive services such as American Sign Language interpreters if needed for individuals with hearing limitations. 24 If individuals utilize caregivers or service animals, these supportive assists also need to be accommodated in the shelter settings. 25 The FEMA Office of Disability Integration Coordination also utilizes Seven Principles of Access for individuals with access and functional needs. These principles are as follows: equal access of this population to programs and services, physical access to locations of emergency programs and services, access to effective communication and information, inclusion of all individuals in emergency management programs and services, integrated settings for emergency programs, availability of modifications to meet the needs of individuals requiring special services, and no cost for access and use of these services. -underscore the need for localities to provide notification systems for individuals with cognitive and sensory impairments in the event of an emergency or disaster, as well as evacuation plans, shelter accessibility, and communication appropriate for their needs. 28 In another recent case focusing on communication issues, the City of New York was enjoined from removing street alarm boxes that provided deaf individuals with an effective, accessible means of directly reporting emergencies to 911 from the street. 29 The recent experience of individuals with disabilities that were evacuated in the 2016 South Carolina floods showed the challenges of disaster services management in a community that had established emergency preparedness coalitions for individuals with access and functional needs, but still had difficulty obtaining American Sign Language interpreters, therapists, and cots for individuals with functional limitations for local shelters. 11 Combined with the ADA, Section 508, CMS and FEMA requirements, shelter accessibility, location, resources that can supplement or replace lost or damaged devices, provisions for specialized therapists, caregivers and service animals, as well as trained shelter staff have become key components of planning for older adults using assistive technologies.
DISCUSSION
Numerous research and policy gaps exist in the area of older adults who utilize assistive technology in emergencies or disasters. Research on the needs of older adults in disasters is limited to a small number of resources, 30, 31 and the effects of these events on this population are known in only limited ways. 32 While federal regulations, CMS and FEMA guidelines, and recent court cases have brought issues of planning and providing emergency management services to older adults, these initiatives are relatively recent in nature. Little to no studies exist of how these guidelines were effectively implemented, nor are regulations and guidelines for health care facilities not covered under CMS uniform or clear from state to state. With the passage of the Affordable Care Act in 2010, more policy and reimbursement incentives exist to keep older adults with disabilities in their homes in the community, and as this population grows, so too will their need for assistive devices and supports. 33 Moreover, new types of assistive technology such as smart homes that use technology to support older adults needing assistance, as well as more digital and Internet-based technologies will continue to grow. 34 However, the ability of these supports to function seamlessly in a disaster, as well as their ability to thwart any types of cybersecurity attacks or interruptions, has not been studied. Research on coordinated processes and planning exist in a handful of states such as Florida, California, Louisiana, and South Carolina, but in many areas, all-hazards, community-based disaster drills frequently exclude long-term care residential communities such as nursing homes or groups of older adults using assistive devices in the community. 35 The Emergency Services Framework, Section 8 (ESF-8), health care coalitions that are part of the US Department of Health and Human Services Hospital Preparedness Programs have public health and hospital system representatives but do not have a clear mandate to include representatives from long-term care communities or advocates for individuals with disabilities living in the community in these coalitions. 36 
CONCLUSIONS AND RECOMMENDATIONS
A comprehensive approach to emergency management services for older adults using assistive technology starts with clear definitions of the needs and capabilities of this population and the technology that they require. Research on older adults using assistive technology is limited, and more targeted programs for this population in emergencies and disasters need to be developed.
However, in order for this to occur, capacity-building within communities must take place so that a true all-hazards, community-based approach to emergency preparedness for groups of at-risk individuals using assistive devices is possible. In addition, studies of the extent to which new assistive technologies can perform in the event of a disaster or a major cybersecurity event have yet to be developed. A communications strategy should also be developed and mandated so that all individuals with communications limitations are provided with accessible, captioned notification of emergency drills, actual emergency events, and the need to evacuate to shelters. A uniform strategy for ensuring that all shelters, including those in state and local areas, comply with ADA and other accessibility requirements also needs to be developed so the needs of older adults using assistive technology in a disaster can be supported.
